1 A better understanding of the discrepancies in multi-scale inventories could give 2 an insight on their approaches and limitations, and provide indications for further 3 improvements; international, national and plant-by-plant data sources are primarily 4 obtained to compile those inventories. In this study we develop a high-resolution 5 inventory of Hg emissions at 0.05 o ×0.05 o for Jiangsu China using a bottom-up 6 approach and then compare the results with available global/national inventories. With 7 detailed information on individual sources and the updated emission factors from field 8 measurements incorporated, the annual Hg emissions of anthropogenic origin in 9 Jiangsu 2010 are estimated at 39 105 kg, of which 51%, 47% and 2% were released as 10 Hg 0 , Hg 2+ , and Hg P , respectively. This provincial inventory is thoroughly compared to 11 the downscaled results from three national inventories (NJU, THU and BNU) and two 12 global inventories (AMAP/UNEP and EDGARv4.tox2). Attributed to varied methods 13 and data sources, clear information gaps exist in multi-scale inventories, leading to 14 differences in the emission levels, speciation and spatial distributions of atmospheric 15 Atmos. Chem. Phys. Discuss., 54 power plants (CPP), as an example, the global inventories by AMAP/UNEP (2013) 55 and Muntean et al. (2014) obtained the national coal consumption from the 56 International Energy Agency (IEA), and they acquired the information of control 57 technologies from the "national comments" by selected experts and World Electric 58 Power Plants database (WEPP), respectively. In the national inventory by Zhang et al. 59 (2015) and Tian et al. (2015), coal consumption of CPP by province was derived from 60 official energy statistics, and the penetrations of flue gas desulfurization (FGD) 61 systems were assumed at provincial level. Zhao et al. (2015a) further analyzed the 62 activity data and emission control levels plant by plant using a "unit-based" database 63 of power sector. Although data of varied sources and levels of details result in 64 3
Hg. The total emissions in the provincial inventory are the largest, i.e., 28%, 7%, 19%, 16 22%, and 70% higher than NJU, THU, BNU, AMAP/UNEP, and EDGARv4.tox2, 17 respectively. For major sectors including power generation, cement, iron & steel and 18 other coal combustion, the Hg contents (HgC) in coals/raw materials, abatement rates 19 of air pollution control devices (APCD) and activity levels are identified as the crucial 20 parameters responsible for the differences in estimated emissions between inventories. 21 Regarding speciated emissions, larger fraction of Hg 2+ is found in the provincial 22 inventory than national and global inventories, resulting mainly from the results by 23 the most recent domestic studies in which enhanced Hg 2+ were measured for cement 24 and iron & steel plants. Inconsistent information of big power and industrial plants is 25 the main source of differences in spatial distribution of emissions between the 26 provincial and other inventories, particularly in southern and northwestern Jiangsu 27 where intensive coal combustion and industry are located. Quantified with 28 Monte-Carlo simulation, uncertainties of provincial Hg emissions are smaller than 29 those of NJU national inventory, resulting mainly from the more accurate activity data 30 of individual plants and the reduced uncertainties of HgC in coals/raw materials. 31 
INTRODUCTION
32 Mercury (Hg), known as a global pollutant, has received increasing attention for 33 its toxicity and long-range transport. Identified as the most significant release into the 34 environment (Pirrone and Mason, 2009; AMAP and UNEP, 2013) , atmospheric Hg is 35 analytically defined as: gaseous elemental Hg (GEM, Hg 0 ) that has longest lifetime 36 and transport distance, and reactive gaseous mercury (RGM, Hg 2+ ) and particle-bound 37 mercury (PBM, Hg p ) that are more affected by local sources. Improved estimates in 38 emissions of speciated atmospheric Hg are believed to be essential for better 39 understanding the global transport, chemical behaviors and mass balance of Hg. 40 Due mainly to the fast growth in economy and intensive use of fossil fuels, China 41 has been indicated as the highest ranking nation in anthropogenic Hg emissions (Fu et 42 al., 2012; Pacyna et al., 2010; Pirrone et al., 2010) . Emissions of speciated 43 atmospheric Hg of anthropogenic origin in China have been estimated at both global 44 and national scales. For example, AMAP/UNEP (2013) been estimated based on more detailed provincial information on energy consumption 48 and industrial production. Zhang et al. (2015) , Zhao et al. (2015a) and Tian et al. 49 (2015) evaluated the inter-annual trends in emissions for 2000-2010, 2005-2012, and 50 1949-2012, respectively, to explore the benefits of air pollution control polices, 51 particularly for recent years. 52 There are considerable information gaps between multi-scale inventories, 53 attributed mainly to the data of different sources and levels of details. For coal-fired discrepancies between inventories, those discrepancies and the underlying reasons 65 have not been thoroughly analyzed in previous studies, leading to big uncertainty in 66 Hg emission estimation. 67 Existing global and national inventories could hardly provide satisfying estimates 68 in speciated Hg emissions or well capture the spatial distribution of emissions at 69 regional/local scales, attributed mainly to relatively weak investigation on individual 70 sources. When they are used in chemistry transport model (CTM), downscaled 71 inventories at global/national scales would possibly bias the simulation at smaller 72 scales. Improvement in emission estimation at local scale, particularly for the large 73 point sources is thus crucial for better understanding the atmospheric processes of Hg 74 (Lin et al., 2010; Wang et al., 2014; Zhu et al., 2015) . While local information based 75 on sufficient surveys is proven to have advantages in improving the emission 76 estimates for given pollutants like NO X and PM 10 (Zhao et al., 2015b; Timmermans et 77 al., 2013) , there are currently very few studies focusing on Hg at regional/local scales, 78 and the differences of multi-scale inventories remain unclear. 79 In this work, therefore, we select Jiangsu, one of the most developed provinces 80 with serious air pollution in China, as study area. Firstly, we develop a high-resolution 81 Hg emission inventory of anthropogenic origin for 2010, based on comprehensive 82 review of field measurements and detailed information on emission sources. That 83 provincial inventory is then compared to selected global and national inventories with 84 a thorough analysis on data and methods of multi-scale inventories. Discrepancies in 85 emission levels, speciation, and spatial distributions are evaluated and the underlying 86 sources of the discrepancies are figured out. Finally, the uncertainty of the provincial 87 emission inventory is quantified and the key parameters contributing to the 88 uncertainty are identified. The results provide an insight on the effects of varied 89 approaches and data on development of Hg emission inventory, and indicate the 90 limitations of current studies and the orientations for further improvement on emission 91 estimation at regional/local scales. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -540, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 26 July 2016 c Author(s) 2016. CC-BY 3.0 License.
cities. The Hg emissions of Jiangsu are obtained from two approaches: downscaled 98 from global/national inventories, and estimated using a bottom-up method with 99 information of local sources incorporated. 100 In global/national inventories, Hg emissions were first calculated by sector based 101 on activity data and emission factors that were obtained or assumed at global, national 102 or provincial level, and were then downscaled to regional domain with finer spatial 103 resolution. Various methods and data were adopted in multi-scale inventories to 104 estimate Hg emissions for different sectors, as summarized briefly in Table S1 
Development of the provincial inventory
where E is the Hg emission; AL is the activity levels (fuel consumption or industrial 152 production); EF is the combined emission factor (emissions per unit of activity level); 153 F is the mass fraction of given Hg speciation; n and s represent emission source type 154 and Hg speciation (Hg 0 , Hg 2+ or Hg p ). 155 For CPP/OIB and CEM, Eq. (1) can be revised to Eq. (3) and (4) respectively, 156 with detailed fuel and technology information of individual sources incorporated:
where HgC is the Hg content of coal consumed in Jiangsu, calculated based on 158 6 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -540, 2016 Manuscript under review for journal Atmos. Chem. Phys. 
where AL steel and AL iron represent crude steel and pig iron production in ISP, 173 respectively; R is the liquid steel to hot metal ratio provided by BREF (2012), 174 converting the production of pig iron to crude steel equivalent; EF steel is the Hg 175 emission factor applied to steel making, obtained from recent domestic tests by Wang combusted in open fields is originally calculated as a product of grain production, 182 waste-to-grain ratio, and the percentage of residual material burned in the field, as 183 described in Zhao et al. (2011 Zhao et al. ( , 2012 . The rural municipal waste burned are calculated 184 as a product of rural population, the average waste per capita, and the ratios of waste 185 that is burned (Yao et al., 2009 ). Other information including control efficiencies of 186 APCDs, speciation profiles and emission factors inherited from previous studies is 187 summarized in Table S2 -S4 in the supplement. 188 Regarding the spatial pattern of emissions, the study domain is divided into 4212 189 grid cells with a resolution at 0.05˚×0.05˚. For Categories 1 and 2, emissions are 
where VB is the value of parameters in bottom-up inventory; VO is the value of 208 parameters in other national/global inventories; EB is Hg emissions for given sector in 
where t represents APCD type; AR and RE are the application rate and Hg removal 216 efficiency, with detailed information provided in Table S5 in the supplement. Table S6 and Table S7 in Table 1 for the detailed definition) are respectively 3382, 2032 higher and 3118 264 kg lower than our estimation with bottom-up method. Figure 1 for Category 1 sources, using Eqs. (6) and (7), respectively. For CPP, the differences 275 between provincial and national/global inventories are mainly determined by AL, HgC, 276 TA, and IEF, as indicated by the calculation methods summarized in Table S1 . China applied in AMAP/UNEP and EDGARv4.tox2, without considering the 300 regional differences in HgC raw , are 26% and 28% lower than that in provincial 301 inventory (recalculated with HgC raw and RR). As regional HgC raw differs a lot from 302 the national average and could be largely influenced by the data selected, big 303 discrepancy might exist when national value is applied in regional inventory, and 304 more regional-specific measurements are suggested for constraining the uncertainty. 305 Total abatement rate (TA) of APCDs installed for CPP is calculated at 57% in the 306 provincial inventory, 6.7 % and 8.2% smaller than that in THU and AMAP/UNEP 307 inventories, respectively, and 12% larger than that in NJU inventory. The differences 308 result mainly from the varied removal efficiencies (RE) and application ratios (AR), as 309 shown in Table S5 . For RE, local tests on FF, ESP+FGD and SCR+ESP+FGD were and FGD were clearly underestimated in NJU and THU inventories (Table S5) , hence 327 the TA in NJU was calculated 23% smaller than that in provincial inventory, leading to 328 a 747 kg increase in Hg emission estimate. In THU inventory, however, the much 329 higher RE of WET reduced the difference between national and provincial inventories, 330 and TA in THU inventory was only 2% smaller than the provincial one. 331 For CEM, both the provincial and THU inventories adopted the data from Yang higher emission factor at 8.9 g/t-Cu estimated by using an S-shaped curve based on 400 international results (Habashi, 1978; Nriagu, 1979; Pacyna, 1984; Pacyna and Pacyna, 401 2001; Streets et al., 2011; EEA, 2013) . In NJU inventory, the emissions from NMS 402 and IUS were estimated much higher than the provincial inventory, attributed largely Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -540, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 26 July 2016 c Author(s) 2016. CC-BY 3.0 License. 420 Besides the total emissions, Hg speciation has a significant impact on the 421 distance of Hg transport and chemical behaviors. Besides, the penetrations of APCDs are also crucial in determination of speciated Hg 460 emissions. As indicated in Table 3 , with similar speciation profiles for FGD applied 461 between multi-scale inventories, the difference in Hg speciation is relatively small for 462 CPP between inventories, given the relatively accurate and transparent information on 463 FGD penetration in CPP used in all the inventories. For OIB, however, the difference 464 in Hg speciation is significantly elevated, as large diversity in APCDs penetration is 465 found between multi-scale inventories, as shown in Table S5 . With the penetration of 466 FF and ESP highly underestimated, for example, THU provided a lower estimation in 467 Hg 2+ fraction compared to other inventories. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -540, 2016 Manuscript under review for journal Atmos. Chem. Phys. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -540, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 26 July 2016 c Author(s) 2016. CC-BY 3.0 License.
Hg speciation analysis of multi-scale inventories
consumption in previous electric power generation databases that other inventories 522 relied on, and the use of regional/national-average information on APCD penetration 523 by certain inventories (e.g., THU and AMAP/UNEP). The comparison in 524 northwestern Jiangsu is less conclusive: the emissions in the areas with big power 525 plants were estimated lower in provincial inventory than AMAP/UNEP (Figure 4(c) ). (Figure 4(a) ). Similar patterns are also found for THU (Figure 4(b) ) and 553 AMAP/UNEP (Figure 4(c) ) compared to provincial inventory. 554 Besides the total emissions, differences in spatial distribution of speciated Hg emissions between multi-scale inventories are presented in Figure S3 in the 556 supplement. The various patterns for species are largely influenced by the distribution 557 of different types of big point sources, as the speciation profiles vary significantly 558 between source types in the national and provincial inventories ( emissions in the provincial inventory is larger than THU but smaller than 568 AMAP/UNEP, as the Hg p mass fraction of OIB was assumed at 2% in THU while it 569 reached 10% in AMAP/UNEP (Table 2) . 570 The vertical distribution of Hg releases, which is crucial for the transport range 571 of atmospheric Hg, is also analyzed in this work. Four groups of release height are 572 defined: 0-58m, 58-141m, 141-250m and >250m. Based on the detailed information 573 of emission sources, the fractions of Hg releases into the four groups for CPP are 2%, 574 66%, 31%, and 1%, respectively, and the analogue numbers for OIB, ISP, and CEM 575 are 85%, 13%, 2%, and 0%; 4%, 44%, 12%, and 4%; and 6%, 94%, 0%, and 0%, 576 respectively. The release heights for rest sources are uniformly assumed at the range 577 of 0-58m. As a result, the fractions of total Hg emissions in the four groups are 578 estimated as 35%, 53%, 11% and 1%. In AMAP/UNEP inventory, as a comparison, 579 the fractions at the height of 0-50m, 50-150m and >150m were estimated at 23%, 580 53% and 24% respectively, with larger share in Hg emitted over 150m than that in our 581 provincial inventory. 
